INTRODUCTION
Hepatitis E virus (HEV) is an RNA virus responsible for more than 50% of acute hepatitis in developing countries (Yarbough 1999) . In these areas, sporadic and epidemic acute hepatitis E are frequently identified, mainly due to faecally contaminated water (Emerson & Purcell 2003) .
Traditionally, industrialized countries have been considered non-endemic areas for this virus, as only sporadic cases related to imported strains were diagnosed (Bader et al. 1991; Dawson et al. 1992) . However, several HEV isolates have recently been identified from patients with acute hepatitis who lived in developed areas and with no history of travelling to endemic areas (Schlauder et al. 1998 Worm et al. 1998; Zanetti et al. 1999; Pina et al. 2000; Takahashi et al. 2001 Takahashi et al. , 2002 Mizuo et al. 2002) . The HEV strains isolated from these cases, which belong to genotypes 3 and 4, can be considered autochthonous of these industrialized areas and seem to have a low pathogenic profile (Purcell & Emerson 2008) . However, the arrival and circulation of genotypes 1 and 2 in these areas may have further health implications since these genotypes have been associated with important epidemics. During these doi: 10.2166/wh.2009.120 epidemics, high mortality rates have been observed, especially in pregnant women (Balayan 1997) . Viruses present in wastewater effluents are discharged into aquatic environments. They also accumulate in the biosolids or sludge generated during the treatment of wastewater, which are sometimes applied to fields or used as fertilizers (Straub et al. 1993) . Accidental contamination of food and water by these viruses represents a risk for human populations. In a study conducted in Barcelona , HEV was detected in two out of five biosolid samples collected from an urban sewage treatment plant.
Although most of the sequences found were very similar to others previously detected in Barcelona (genotype 3), genotype 1 HEV sequences were also identified.
HEV has also been detected infecting swine, deer, wild boars, mongooses and chickens (Meng et al. 1997; Haqshenas et al. 2001; Matsuda et al. 2003; Tei et al. 2003) .
The strains isolated from the mammals, which belong to genotypes 3 and 4, are very similar to those infecting humans, especially if they have been detected in the same area (Hsieh et al. 1998; Haqshenas et al. 2001) . Indeed, transmission of HEV to humans due to the consumption of uncooked meat from deer and wild boars has already been proven (Matsuda et al. 2003; Tei et al. 2003) . Several research works performed in Spain allowed the detection of naturally HEV infected pigs and also the presence of the virus in sewage and sludge generated in slaughterhouses (Pina et al. 2000; Clemente-Casares et al. 2003; Albinana-Gimenez et al. 2006; Seminati et al. 2008; Fernandez-Barredo et al. 2007 ).
The arrival of those animal HEV strains in the environment can also represent a risk for human populations.
The objective of this study is the further characterization of the diversity of HEV strains that may be in one wastewater or sludge/biosolid sample that can potentially contaminate water and the environment and to determine whether genotypes other than genotype 3 are present in the wastewater and sludge generated in an industrialized area.
MATERIALS AND METHODS

Urban wastewater treatment plant samples
Urban sewage samples and biosolids generated during sewage treatment were collected from the sewage network of Barcelona (Spain) during the years 2001, 2003, 2005 and 2007 . Each sample was collected in a sterile container and kept at 48C for less than 8 hours until the viral particles were concentrated in phosphate buffered saline (PBS pH 7.3).
Positive HEV samples identified by seminested-PCR were selected (six sewage samples and two biosolid samples).
A summary of the studied samples is presented in Table 1 . were selected for the study.
Viruses
Faecal suspensions obtained from monkeys (Macaca mulatta) infected with the HEV BCN strain (10% in PBS 7.3) were used as positive control for the polymerase chain reaction (PCR) analysis. This strain had previously been isolated from sewage from Barcelona although it is genetically similar to Indian HEV genotype 1 strains (Pina et al. 1998) . The viral suspensions were stored at 2 808C.
Concentration of viral particles from sewage samples
The recovery and concentration of viral particles were carried out as described in previous studies. The protocol for processing sewage samples is based on ultracentrifugations and elution in 0.25 N glycine buffer pH 9.5 (Puig et al. 1994) . Briefly, 42 ml of sewage sample were ultracentrifuged (110,000 £ g for 1 hour at 48C). The sediment was eluted with 3.5 ml 0.25 N glycine buffer (pH 9.5) and kept on ice for 30 minutes. After the addition of 2 £ PBS, the suspension was centrifuged at 12,000 £ g for 15 minutes to separate any suspended solids. Viruses in the supernatant were pelleted by ultracentrifugation (110,000 £ g for 1 h at 48C), resuspended in 0.1 ml 1 £ PBS and stored at 2808C.
Concentration of viral particles from biosolid samples
As described previously , 40 g of the biosolid samples were eluted in 50 ml glycine buffer pH 9.5 and stirred for 1 hour. The pH was neutralized with NaOH 5 M and the sample was centrifuged for 45 minutes at 38,400 £ g at 48C. Viral particles contained in the supernatant were pelleted at 110,000 £ g for 1 hour at 48C and finally eluted in 200 ml PBS. The viral concentrate was stored at 2 808C until nucleic acid extraction.
Concentration of viral particles from sludge samples
The sludge samples from the slaughterhouse were processed with the same protocol used for sewage but starting with the elution of 1 g of sludge in 3.5 ml of 0.25 N glycine buffer pH 9.5 (Albinana- .
RNA extraction
Viral nucleic acids from the samples were extracted with a protocol described previously (Boom et al. 1990 ) using guanidinium isothiocyanate (GuSCN) and adsorption of the nucleic acids to silica particles as described.
Detection of HEV by seminested RT-PCR
The HEV RNA was amplified by seminested RT-PCR with degenerated primers described by Erker et al. From a slaughterhouse (more than 80% of the processed animals in this slaughterhouse were pigs).
second-round products respectively) were amplified within the ORF2 of the HEV genome.
The RT-PCR assay was performed using the OneStep RT-PCR kit from QIAGEN. Five ml of the extracted nucleic acids or a tenfold dilution were added to a total volume reaction of 50 ml containing 1 £ OneStep QIAGEN Buffer, 2 ml of QIAGEN OneStep Enzyme Mix, 400 mM of each dNTP, 10 units of ribonuclease inhibitor (Applied Biosystems) and 25 pmol of each outer primer (HEVORF2con-a1
and HEVORF2con-s1). After 30 minutes at 508C, the reaction was heated at 958C for 15 minutes, followed by 35 cycles at 948C for 20 seconds, annealing at 558C for 30 seconds, and extension at 728C for 1 minute. All amplifications were completed with a 10 minute, 728C
extension period.
The second-round PCR was carried out by adding 1 ml of the first-round product to a new batch of 50 ml PCR reaction mixture containing 1 £ PCR Gold Buffer (PerkinElmer Roche), 1.5 mM MgCl 2 , 10 nmol of each dNTP, 2 units of Ampli Taq GoldY (Perkin-Elmer Roche) and 25 pmol of each nested primer (HEVORF2con-a1 and HEVORF2con-s2). The products were analysed by agarose gel electrophoresis using ethidium bromide as a stain.
Standard precautions were applied in all the manipulations in order to reduce the probability of sample contamination by amplified DNA molecules. Negative controls for the RT-PCR reaction and the extraction process were added in every assay and the positive amplifications were confirmed by sequencing analysis. External positive controls were used by adding viral particles to viral concentrates. All samples were also analysed for the presence of viral indicators of faecal contamination, human adenoviruses and porcine adenovirus, and no significant inhibition was observed.
Cloning of the amplicons
The amplicons obtained were purified using the QIAquick The products were analysed by agarose gel electrophoresis using ethidium bromide as a stain.
Sequence analysis
Ten to 12 clones per sample were sequenced. The purified 
RESULTS
Six samples of urban sewage, two biosolid samples and two samples of sludge from a slaughterhouse, positive for HEV, were studied by cloning and sequencing of 10-12 clones per sample in order to obtain information on the potential diversity of HEV strains excreted in the population and that may be accumulated in the generated residues. One hundred and six clones were sequenced. The results are summarized in Table 1 .
As expected, most of the samples presented HEV Differences among sequences detected from the same sample ranged from 1% to 11% (Table 1) . When comparing different samples, the biggest differences were observed between samples containing sequences belonging to different genotypes: that is, differences between sequences from BCN8 and BBCN2 ranged from 22.8% to 24.8%, and 19.8% to 25.7% between BBCN2 and E6. In contrast, similarities between genotype 3 sequences from samples with human and animal contamination were as high as 98.0% (between BCN26.1 and E5.3).
As expected, genotype 3 was the most prevalent genotype in the area (74 clones), although genotype 1 was also detected. The phylogenetic analysis of the sequences obtained in the study is shown in Figure 1 .
All the sequences detected from samples BCN8, BCN10, BCN25, BCN26, BBCN1, E5 and E6 belonged to genotype 3. They were very similar or even 100% identical in the studied fragment to other isolates previously Africa (strain RSA-1) and 98 -99% identical to the BCN strain, detected from sewage in Barcelona and previously considered as imported as it clustered within genotype 1 (Pina et al. 1998) . BCN27 was 97% identical in the studied fragment to BCN23. They were highly similar to the isolate BurmaEpi-1-3 from Myanmar (95.0% and 97%, respectively) and to one from India (DQ459342) (95.0% and 96.0%, respectively). The nucleotide accession numbers of the HEV strains used for the phylogenetic analysis are shown in Table 2 . Only values greater than 60 are represented. GenBank accession numbers of the sequences used for phylogenetic analysis can be found in Table 2. E6.1 presented the highest identity (97.0%) with the isolate NLSW28 (from swine in the Netherlands) and with BCN12
and BCN9 (from urban sewage from Barcelona). Similar cases are observed with E6.4, E6.8 or E5.2.
DISCUSSION
The variability of HEV sequences observed in this study France the seroprevalence is around 16% (Dalton et al. 2008; Mansuy et al. 2008) . However, higher values can be found in endemic areas such as China (43%) or Egypt (45.2%) (Abdelhady et al. 1998; Li et al. 2006) . Genotype 3 infections presumably associated with water have been recently described in Europe. In France, 15 patients were identified having as a risk factor to acquire an HEV infection through the consumption of water either directly from a spring or private well or vegetables from a vegetable garden, irrigated with water from a river or a private well (Renou et al. 2008) . A study conducted in the Netherlands found one patient whose HEV strain was also isolated from a ditch near the house 3 months after the onset of illness. This ditch received sewage effluent from a leakage in the household septic tank (Borgen et al. 2008) .
HEV has also been detected contaminating river waters.
Genotype 3 sequences were isolated from the river Maas in the Netherlands (Borgen et al. 2008 ) and from two bivalve samples harvested in a Japanese river (Li et al. 2007 ).
According to the evidence, environmental isolates in industrialized areas usually correspond to autochthonous sequences of HEV genotype 3, which seems to be less virulent than genotypes 1 and 2 (Purcell & Emerson 2008 ).
However, the identification of genotype 1 sequences in sewage or solid waste in these areas suggests the possibility of sporadic environmental contamination by this genotype, responsible for large epidemics of hepatitis E in developing areas (Emerson & Purcell 2003) . 
